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Abstract 
 
Healthy soil is necessary for maintaining agricultural productivity, which is the basis of 
the economy on Pemba Island, Tanzania. Soil erosion is a notable concern for subsidence-
farming villages, as it reduces the agricultural potential of farmland through the loss of nutrients, 
organic matter, and depth of quality growing soil (Georhing, 2009). The island of Pemba is the 
perfect case study for soil erosion, as their economy is largely based in agriculture, and the 
combined hilly topography and monsoonal climate make it highly susceptible to soil erosion. 
Yet, Pemba’s main cash crops are clove and fruit trees, which have potential to stabilize and 
protect soil. The purpose of this study is to make a quantitative estimate of annual soil loss 
throughout four farming villages in Pemba using the Universal Soil Loss Equation. Data was 
derived empirically through field work and satellite imagery analysis. Rates of soil loss were 
overall lower than predicted, with only a few sites in need of implementing further soil 
conservation practices.  
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Introduction 
Soil is a generally understated, but fundamentally important natural resource, giving life 
to food which sustains our communities. Soil is created on a geologic timescale, yet lost in tons 
per year. Conservation of soil allows for more productive agriculture, through the retention of 
organic matter and nutrients, and better water quality by decreasing in stream sedimentation 
(Georhing, 2009 & Watzen 2013). However, soil erosion is known to be accelerated by 
conventional agricultural practices, with an average of 1mm of topsoil lost per year 
(Montgomery, 2007). Soil erosion is a natural earth process caused by wind and water action on 
loose particles and is a function of soil texture, climate, topography, and agricultural practices. 
Most commonly, rill, inter-rill, and gully erosion by water is a main source of soil transport, 
proving especially problematic on cultivated hillslopes (Georhing, 2009 & Montgomery, 2007).  
A soil’s inherent erodibility is dominated by its texture, but also influenced by structure 
and organic matter content. Silt particles are the most susceptible to erosion, as they are the most 
easily dislodged and transported. Clay particles, although the smallest, are highly resistant to 
erosion due to their strong internal structure, causing water to flow over without losing many 
particles. Coarse grained sand is also quite resistant to erosion by water, due its high 
permeability which allows for quick infiltration and the large amount of energy required to 
suspend the particles. However, very fine grained sand is extremely susceptible erosion because 
of the lack of aggregates. Due to the preferential erosion of silt particles, upper shoulders of 
slopes will gradually become more sand and clay rich as the silt is eroded and transported 
downslope (Georhing, 2009 & Rosenbloom et al., 2009). 
Climate also influences a soil’s vulnerability to erosion, as rainfall intensity and 
seasonality play a large role in the extent of erosion. Very dry seasons followed by intense, long 
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duration rains have high erosive potential, even if the sediment is not transported very far from 
the source (Wall et al., 2002). Soil erosion and land degradation is already recognized as a global 
concern, due to its effect on food production, food security, and even water quality (Watzen, 
2013). In the face of a rapidly changing climate and unpredictable weather patterns, these threats 
are strongest to small scale farmers in developing countries who lack the resources to mitigate 
the effects of climate change (Lal, 2009).  
Topography also plays a role in soil erosion processes. Steep hillslopes are most 
susceptible to erosion, while flat lands and areas with ponding water are the most protected from 
the effects of rill and sheet erosion (Georhing, 2009). Cultivation of cropland, specifically tillage 
practices, loosens soil aggregates, making it more susceptible to rill (erosion caused by water 
transporting soil particles in small rivlets), sheet (erosion caused by rainsplash), and gully 
(erosion by scouring deep channels) erosion. Although some of the eroded soil will be deposited 
on foot slopes and in alluvial floodplains, erosion of hillslopes increased by cultivation will 
continue to take more upland farms out of production, limiting the arable land to valleys and 
areas of sediment deposition in a time of rapidly increasing population (Montgomery, 2007). 
Soil conservation is crucial to maintaining agricultural success and productivity, and 
therefore food security. Pemba Island’s economy is based in agriculture with the main cash crop 
being clove, and the majority of the island is covered in small (1-10 acre) family owned farms 
(Amour Juma Mohammed, Ministry of Agriculture). Pemba is an ideal location for a case study 
on soil erosion, given its hilly topography, monsoonal climate, agriculturally based economy and 
dependence on locally grown food for sustenance. This study used a quantitative approach to 
estimate the annual soil loss due to erosion by water by utilizing the Universal Soil Loss 
Equation. This study was conducted in four farming villages throughout the Pemba Island, 
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Zanzibar. A total of 11 farms were visited in the villages of Makoongwe, Wingwi, Gando, and 
Pujini. Initial predictions based on general observation while visiting Pemba were that erosion 
rates would be quite high, given the amount of cultivated hillslopes and turbid, sediment filled 
streams flowing through the landscape.  
 
Study Area 
Pemba is an Island located off the coast of Tanzania, at approximately S -5.163572° E 
39.759446°, with an area of just under 100 km2. It is appropriately nicknamed “The Green 
Island”, as it is far more lush and fertile than the neighboring island of Unguja. The parent rock 
of Pemba’s soil is a combination of rock with granitic origin, from its association with mainland 
some 10 million years ago, and fossilized coral limestone (Richmond, 2011). The island’s shores 
are characterized by mangroves and inlets, while the interior of the island is covered with hilly 
topography. The main crops grown are fruit trees (coconut, clove, banana, mango, orange, lime, 
and guava), rice, cassava, sweet potato, maize, beans, pumpkin, watermelon, and pineapple. Fruit 
trees and cassava are the dominant small farm food crop, as they are easily to grow and produce 
almost all year around in the tropical climate.  
This study was conducted in two villages in Pemba North (Gando and Wingwi) and two 
villages in Pemba South (Pujini and Makoongwe) (Figure 1). Study sites were located through 
help of the Community Forest Pemba (CFP) Agroforestry department, as they work farmers 
throughout the entire island. This spatial variation in study sites allowed for more diverse 
topography and soil type. Study sites ranges from large 6 acre farms with a wide range of crops, 
to smaller 1 acre plots only growing cassava and fruit trees for their family.  
AN ASSESSMENT OF SOIL EROSION ON PEMBA ISLAND USING THE USLE 
 
8 
 
Figure 1. A map of Pemba Island, Zanzibar displaying the location of the four villages visited during this 
study (Google Earth Imagery, 2016). 
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Methodology 
I.)  Using the Universal Soil Loss Equation 
To make an assessment of soil erosion in Pemba, this study used a quantitative approach to 
estimate the amount of soil eroding from cultivated fields. The Universal Soil Loss Equation 
(USLE) has been utilized by soil conservation planners in the United States for estimating soil 
erosion rates since its development in the 1990’s and has been utilized by many other studies 
internationally (Renard, 1997 & Montgomery, 2007). The USLE calculates the estimated 
annual amount of soil erosion on a specific slope, which can then be included in a regional 
average (Ligonja, 2013). The estimate is calculated by compiling empirical data for the four 
most important factors to soil erosion by water (Renard, 1997). The USLE is as follows 
(Equation 1): 
𝐴 = 𝑅 ∗ 𝐾 ∗ 𝐿𝑆 ∗ 𝐶 ∗ 𝑃                                     Equation 1. 
 
The factors used to calculate annual soil loss (A) in tons/acre/year are climate erosivity or 
rainfall factor (R), inherent soil erodibility (K), slope length and steepness (LS), land cover 
(C), and conservation practices (P) (Renard, 1997 & Ligonja 2013). 
  
1.) Erosivity Factor (R) 
The soil erosivity or rainfall factor is determined by the intensity and duration of rainfall 
events, which drives sheet and rill erosion processes (Renard 1997). However, due to 
lack of precise climate data and rain gauge stations in this remote region of Tanzania, an 
alternative approach will be applied in this study, similar to that applied in a study of 
soil erosion on mainland Tanzania by Lingonja et al (2013) presented in Equation 2: 
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𝑅 =∝∗ 𝑃𝑗                          Equation 2. 
Where P j =Annual rainfall (mm) and ∝=0.5, (a coefficient of 0.5 is used to represent the 
tropical climate found in Pemba) (Lingonja et al., 2013).  Average annual rainfall data 
will be obtained for all of Zanzibar, as this is the most precise data available for this 
study. 
 
2.)    Soil Erodibility Factor (K) 
The inherent erodibility of a soil is represented by K and influenced most by a soil’s 
texture (percent sand/silt/clay). Although there is some soil data available for mainland 
Tanzania, currently there is no data available for soil texture or classification on Pemba 
Island. To overcome this lack of data, two soil samples were taken from each farm site. 
One sample was taken upslope and another downslope near place of deposition. Samples 
were then analyzed for texture using the soil texture by feel method. Presence of organic 
matter was also noted, although only through observation of color and plant residue, as 
equipment for a weight loss by ignition test is not available.  Once soil texture was 
determined, the soil’s susceptibility to erosion and associated K values were determined 
using values presented in literature (Table 1) (Lingonja et al., 2013 & Wall et al., 2002). 
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Table 1. The K-value ranges based on soil texture from Lingonja et al., 2013. 
Surface Soil Texture Relative susceptibility to water erosion K-Value Ranges 
Very Fine Sand Very highly susceptible >0.05 
Loamy very fine sand; silt loam; 
very fine sandy loam; silty clay 
loam 
Highly susceptible >0.04-0.05 
Clay loam; loam; silty clay; clay 
and sandy clay loam 
Moderately susceptible 0.03-0.04 
Heavy clay; sand loamy; loamy 
fine sand; fine sand; and coarse 
sandy loam 
Slightly susceptible 0.007-0.03 
Loamy sand; Sand Very slightly susceptible >0.007 
 
 
3.)    Topography Factor (LS) 
The topography factor is a function slope length and slope steepness, with slope steepness 
being the most crucial measurement, as the erosion isn’t as greatly affected by slope 
length (Renard, 1997). Slope length is obtained through field observations and is defined 
as the measured distance between the origin of runoff and the point of deposition 
(Ligonja et al., 2013 & Purdue, 2013) and slope length can be obtained through field 
measurements or satellite imagery. The most precise way to calculate LS is to extrapolate 
the grade and length from a raster Digital Elevation Model in Geographic Information 
Systems (GIS) using tools available in the software, such as illustrated in Lufafa et al. 
(2013). However, this type of data was not be available at the accuracy required for this 
calculation due to the remote location. In this case, LS will be estimated by the 
topographic LS factor nomograph with the field measurements, as previously used in the 
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USLE before GIS software was readily available (Figure 2) (Geohring 2009). GPS 
measurements were taken at the point of runoff origin and place of deposition at each 
location, coordinates and elevation were recorded. Coordinates were then inputted into 
Google Earth to measure slope length. Slope steepness (percent grade) was then 
determined by averaging grade determined by GPS elevation measurements and those 
obtained from Google Earth imagery, as they varied slightly.  
Figure 2. Topographic LS Factor nomograph as presented in RUSLEFAC Handbook by Wall et al 
(2002).  
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4.)    Land Cover Factor (C) 
The land cover factor is arguably the most important factor to consider when evaluating 
soil loss, as it is the most easily changed to improve soil conditions (Renard, 1997). C is 
determined by rainfall intensity and land cover which protects soil from the erosion 
action of water, therefore C varies seasonally as a result of crop rotation and climate. For 
example, bare soil exposed during peak rainy season will have the highest C value, as it 
at the highest risk for erosion. To account for this variability, the year was divided into 
three segments to reflect Pemba’s two rainy season and one dry season and a general 
planting and harvesting schedule was obtained from each farm site to determine canopy 
cover. Ground cover, from understory plants, legumes, grasses, leaf litter, mulch cover, 
etc., was estimated from observation at each farm site.  Then, each location was assigned 
a C factor for each season and a weighted average, determined by rainfall intensity, was 
calculated for the year, giving the most weight to land cover during the rainy season 
(Lingonja et al., 2013). C factors for ground cover are presented in Table 2.  
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Table 2.  Land cover factors and associate C values obtained from Purdue’s Application of USLE 
Appendix A 2013. 
 
Vegetal Canopy       Cover That Contacts the Surface 
 
Type and Height   Canopy          Percent Ground Cover  
of  Raised Canopy2  Covers3  % Type4 0 20 40 60 80 95-100  
____________________________________________________________________________________________ 
No appreciable canopy    G .45 .20 .10 .042 .013 .003 
      W .45 .24 .15 .090 .043 .011 
 
Canopy of tall weeds  25  G .36 .17 .09 .038 .012 .003 
or short brush,     W .36 .20 .13 .082 .041 .011 
0.5 m (1.6 ft.) fall ht.  50  G .26 .13 .07 .035 .012 .003 
      W .26 .16 .11 .075 .039 .011 
    75  G .17 .10 .06 .031 .011 .003 
      W .17 .12 .09 .068 .038 .011 
 
Appreciable brush  25  G .40 .18 .09 .040 .013 .003 
or bushes,     W .40 .22 .14 .085 .042 .011 
2 m 6.6 ft. fall ht.   50  G .34 .16 .085 .038 .012 .003 
      W .34 .19 .13 .081 .041 .011 
    75  G .28 .14 .08 .036 .012 .003 
      W .28 .17 .12 .077 .040 .011 
 
Trees but no appreciable,  25  G .42 .19 .10 .041 .013 .003 
low brush ,     W .42 .23 .14 .087 .042 .011 
4 m (13.1 ft.) fall ht.  50  G .39 .18 .09 .040 .013 .003 
      W .39 .21 .14 .085 .042 .011 
    75  G .36 .17 .09 .039 .012 .003 
      W .36 .20 .13 .083 .041 .011 
__________________________________________________________________________________________ 
1All values shown assume: (1) random distribution of mulch or vegetation, and (2) mulch of appreciable depth 
where it exists.  Idle land refers to land with undisturbed profiles for at least a period of three consecutive years. 
2Average fall height of waterdrops from canopy to soil surface. 
3Portion of total-area surface that would be hidden from view by canopy in a vertical projection (a birds’s-eye view). 
4G: Cover at surface is grass, grasslike plants, decaying compacted duff, or litter at least 2 inches deep. W: Cover at 
surface is mostly broadleaf herbaceous plants (as weeds with little lateral-root network near the surface, and/or 
undecayed residue). 
 
5.) Conservation Practices (P) 
Since the recognition of soil erosion as a serious concern in terms of land degradation 
and management, there has been an effort by natural resource management agencies 
to spread awareness of soil conservation farming practices. In Pemba, efforts have 
been made by the Ministry of Agriculture and Pemba Community Forest to educate 
farmers on these practices, as a soil erosion problem as has been noted on the island. 
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Conservation practices in the P factor focus on cultivating fields in a way that reduced 
the grade and sediment transport capacity, therefore lessening the impacts of sheet 
and rill erosion. Values for P for each site were assigned based methods observed on 
each farm as well as interview responses. If multiple conservation methods were 
used, the two values were multiplied applied obtain the P value. P values were 
obtained using the tables presented in the RUSLEFAC Handbook by Wall et al, 2002  
(pp 103-104), as this will the most precise estimate possible given the limited annual 
data. General values for the V factor are presented in Table 3, the lower the P value, 
the more effective the practice is controlling erosion (Wall et al., 2002).   
 
Table 3. General P values based on conservation practices on a slope with low-moderate grade.  
Conservation Method P Value 
None 1.00 
Cross Slope Farming 0.75 
Contour Farming (3-8% slopes) 0.50 
Strip cropping, cross slope (3-8% slopes) 0.38 
Strip cropping, on contour (3-8% slopes) 0.25 
 
II) Data compilation and Calculation 
Data necessary for computing annual soil loss was collected empirically, with the 
exception of the rain fall erosivity (R), which was obtained from national rainfall records. 
Measurements and recordings of soil texture (K), slope length (L), and land cover (C) 
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were made at each on site at each location in the study area. Information for slope 
steepness (S), as well as a measurements for L, were made using satellite imagery via 
Google Earth Pro. Participation from farmers in a short survey as well as field 
observations made by surveying their farm were necessary to assign C and P values, as 
they are a product of land management. Farmers were asked to answer a short 
questionnaire using the help of a Kiswahili translator regarding their farming practices, 
general planting and harvesting schedule, as well as a few other general questions about 
their farm (Appendix A). 
 
Following the estimation of each location’s average annual soil, farms will be categorized 
into very low to extremely high risk of erosion, given that a the acceptable rate of soil 
erosion is 3 tons/acre/year while the natural rate of soil production at approximately 0.4-
1mm/yr (Wall et al., 2002 & Montgomery, 2007). 
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Results 
Pemba has a tropical monsoonal climate that bring intense, heavy rains with strong 
erosive potential. Given that the average annual rainfall is 1690mm, the R factor was calculated 
to be 845, with almost half of all precipitation occurring during March, April, and May.  
The majority of soils sampled were clay and sand rich, while none had high percentages 
of silt. Makoongwe was predominately clay soil, Wingwi was mostly sand, Gando has mixed 
sand clay, and Pujini was clay rich soil (Figure 3).  
  
 
 
Figure 3. Soil textures determined for each site plotted on the soil texture triangle. Most of the 
samples are clay and sand rich, the highest fraction of silt observed on the 11 farms was record at 
site #10 with ~60% silt.  
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Differences in texture observed between upslope and area of deposition are 
recorded in Table 4. Most samples showed some change in soil texture, although none 
had a dramatic composition change. There is trend for predominately sandy soils to 
become less sandy downslope.  
Table 4. Changes observed in soil texture between upper reaches of slop and area of deposition.  
 
Following the soil texture analysis, upslope and downslope soil samples were 
compared to determine any downslope differences in color and plant residue, as this 
could indicate organic matter being transported downslope. The results of this 
comparative analysis are presented in Table 5. Most samples showed similar to slightly 
more plant residue. Many samples were darker in color downslope with a siltier texture. 
The color differenced ranges from very slightly darker to significantly darker. Site #7 
showed the most substantial change in color (Figure 4). 
 
 
 
 
Site Upslope Downslope Downslope Differentiation: 
1 Sandy Clay Silty Clay Less Sandy 
2 Sandy Clay Sandy Clay None 
3 Loamy Sand Sand Loam Less Sandy 
4 Sand Loamy Sand Less Sandy 
5 Sand Loam Sand Loam None 
6 Sand Loamy Sand Less Sandy 
7 Sand Loam Loam Less Sandy 
8 Sand Loam Sandy Clay loam More Clay 
9 Clay  Fine Clay More Clay 
10 Clay Silty Clay More Silt 
11 Sandy Clay Loam Clay Loam Less Sandy 
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Table 5. A comparison of upslope and downslope soil samples in amount of plant residue present and 
color darkness. The results shown are downslope samples in comparison to upslope samples.  
 
 
 
 
 
  
 
 
 
Figure 4. Soil sample taken from site #7 in Gando. The sample from upslope is much lighter and 
sandier than the sample taken from the base of the slope.  
 
 
Site Plant Residue? Color? 
1 Same Darker 
2 Same Same 
3 More Darker 
4 More Slightly Darker 
5 More Slightly Darker 
6 Same Very slightly Darker 
7 More Significantly Darker 
8 Same Same 
9 Slightly More Same 
10 Same Significantly Darker 
11 More Significantly Darker 
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Average annual soil loss (A) was calculated for each study site. In Makoongwe, 
the two study sites have very similar topography and soil, and are similar in size. 
However, due to management practices (Figure 5 and Figure 6), site #1 is estimated to 
have about four times as much soil lost per year than site #2 (Table 6).  
Table 5. Estimated soil loss for Makoongwe. 
Location: Makoongwe Site #1 Site #2 
Rainfall (R ) 842.5 842.5 
Topography (LS) 2.37 2.84 
Soil Erodibility (K) 0.05 0.04 
Land Cover (C ) 0.34 0.17 
Management (P) 1 0.5 
   
Soil Loss (tons/acre/year) 15.14 3.63 
Area of Section (acres) 2 2 
Total Soil Erosion (tons) 30.28 7.26 
 
 Figure 5. Cassava grown on ridges running up and 
down the slope, not on the contour at site #1.  
Figure 6.  A deep gully on the perimeter of site #1. 
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All three of the farms visited in Wingwi are estimated to have very little erosion (Table 
6). Site #3 has the highest LS value, but was determined to have acceptable management 
practices (Figure 7). Sites 4 and 5 have no management practices in place, but have very gentle, 
short slopes which allow for very little erosion. 
Table 6. Estimated soil loss for Wingwi. 
 
 
 
 
 
 
 
 
 
 
Figure 7. Pineapple grown on moderate slope with cross contour ridges to conserve soil. 
 
Location: Wingwi Site #3 Site #4 Site #5 
Rainfall (R ) 842.5 842.5 842.5 
Topography (LS) 0.8 0.32 0.47 
Soil Erodibility (K) 0.02 0.007 0.02 
Land Cover (C ) 0.21 0.17 0.17 
Management (P) 0.5 1 1 
    
Soil Loss (tons/acre/year) 0.63 0.14 0.60 
Area of Section (acres) 6 2 3 
Total Soil Erosion (tons) 3.79 0.29 1.80 
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Similar to Wingwi, the estimated soil loss for Gando was quite low (Table 7). The 
highest estimated soil loss site 8, with almost 2 tons/acre/year.  
Table 7. Estimated soil loss for Gando.  
 
 
 
 
 
 
 
Moderate soil erosion was estimated at one site in Pujini. The three study sites in Pujini 
have very similar topography and soil. However, site 11 was a cultivated, fallow field, compared 
to the canopy covered fields of sites 9 and 10 (Figure 8A and B). The bare soil exposed during 
the rainy season caused the estimated soil erosion to be as much as 3 times higher than found at 
sites 9 and 10 (Table 8). 
Table 8. Estimated soil loss for Pujini. 
 
 
 
 
 
 
 
 
 
Location: Gando Site #6 Site #7 Site #8 
Rainfall (R ) 842.5 842.5 842.5 
Topography (LS) 0.52 0.9 1.3 
Soil Erodibility (K) 0.007 0.02 0.03 
Land Cover (C ) 0.085 0.16 0.18 
Management (P) 0.5 0.75 0.75 
    
Soil Loss (tons/acre/year) 0.06 0.81 1.98 
Area of Section (acres) 6 1.5 2 
Total Soil Erosion (tons) 0.35 1.22 3.96 
Location: Pujini Site #9 Site #10 Site #11 
Rainfall (R ) 842.5 842.5 842.5 
Topography (LS) 0.7 0.75 0.7 
Soil Erodibility (K) 0.04 0.04 0.04 
Land Cover (C ) 0.18 0.18 0.45 
Management (P) 0.75 0.75 1 
    
Soil Loss (tons/acre/year) 1.42 1.52 4.73 
Area of Section (acres) 2 1 1 
Total Soil Erosion (tons) 2.84 1.52 4.73 
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         Figure 8 (B).  Runoff from a fallow field on site #11 draining into a 
sediment filled pond.  
 
 
 
 
  
Figure 8 (A). Rill erosion observed on site # 11. 
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Discussion 
 
The results from the soil texture analysis show some correlation between soil erosion and 
downslope soil differentiation (Table 4). Six of the farms sampled, including sites 1 and 11 
estimated to have the highest erosion rates, have sandier soil upslope. According to Rosenbloom 
et al. (2001), soils with sandier parent material will differentiate downslope, leaving more sand 
rich soil in the upper reaches of the slope. Silt and light clays are the most easily removed by 
water erosion processes. However, sites 8 and 9 were found to have a more clay rich soil 
downslope. These heavier clays are not easily eroded or transported downslope, due their strong 
internal structure (Georhing, 2009). This could potentially be due to a difference in parent 
material or minerals present in the soil which weather to stronger clays, although this could not 
be confirmed without a deeper soil core.  
All of the soil samples showed either a trend toward accumulating organic carbon matter 
downslope, or showing no change at all (Table 5). The darkening of color shows that the 
hummus is being transported downslope in soil erosion processes. The presence of plant residue, 
was somewhat objective, and difficult to judge with only one sample in each location. A better 
analysis of percent organic matter could be made using a weight loss by ignition test on multiple 
samples, which would be significantly more accurate. It is unknown whether the plant residue 
observed in a soil is from transportation or simply an indicator of the type of crop previous 
planted in that location. Still, the darkening in color combined with a siltier texture downslope, is 
a decent indicator of downslope transportation, and the degree of differentiation could be 
correlated to amount of erosion. 
Overall, the estimated amount soil erosion found at these location in Pemba is much 
lower than originally expected. The majority of the farms studied are estimated to have soil loss 
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well within the acceptable rate of soil erosion, with two being classified as low and only one 
farm being classified as severe. The acceptable rate of soil erosion is considered to be less than 3 
tons/acre/year (Table 9).  
 
Table 9. Soil erosion classes based on severity as presented in Wall et al., 2002 
 
 
 
 
 
 
 
This can be attributed to the small scale conventional farming practices still used in this 
region, the nature of the crops grown, as well as successful education and soil conservation 
programs. As it is well know that modern agriculture practices (i.e. deep tillage, monoculture, 
and heavy machinery) accelerate soil erosion considerably, all of the farmers surveyed only used 
traditional methods during cultivation. Tillage is defined as any mechanical act used to loosen 
soil aggregates in preparation for seedling growth and success (Georhing, 2009). Hand tools 
similar to a pick axe or garden hoe are used to till the soil to prepare it for planting. This allows 
only the soil in the specific row they are planting to be overturned and loosened, leaving the 
surround pathing and earth undisturbed. Hand till methods disturb a shallower depth of soil, 
leaving the subsoil to maintain its structure, as compared to a modern tractor that can cause 
subsoil compaction. Subsoil compaction is detrimental to crop success, as it inhibits quality root 
 
Soil Erosion Class 
Potential Soil Loss 
(tons/acre/year) 
1 Very Low (Tolerable) < 3 
2 Low 3 to 5 
3 Moderate 5 to 10 
4 High 10 to 15 
5 Severe > 15 
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formation and lessens valuable poor space. Overtime, increased subsoil compaction will require 
more frequent and deeper tillage practices, further increasing soil erosion (Daum, 2016).  
The most abundant crops grown on family farms in Pemba lend themselves nicely to soil 
conservation. As hypothesized, fruit and spice trees provide a canopy of protection over 
otherwise vulnerable soil, especially on hillslopes. This was clearly demonstrated in Pujini, as all 
three farms had almost identical slopes and soils (Table 8). However, site #11 was bare, giving it 
a land cover factor of 0.45, while sites #9 and #10 were covered with fruit and spice trees which 
allowed for much lower land cover factor of 0.18. The tree roots stabilize soil on the upper 
reaches of slopes and the leaves provide protection from rainsplash. Another common crop in 
Pemba is cassava, which also provides a minimal, but noticeable canopy cover. Standing 
approximately 3-4ft tall at maturity, the broad leaves of these root crops provide some coverage 
for bare soil on the cultivated ridges. When intercropped with low story plants, like legumes, 
successful soil conservation can be achieved, as seen at site #6 in Gando (Table 7).  
Efforts are being made by the Pemba Ministry of Agriculture as well a Non-
Governmental Organization Community Forest Pemba to reduce soil erosion on the island. All 
eleven farmers surveyed were aware of soil erosion as land use concern. Many farmers 
acknowledged issues of soil erosion on their land and had already made attempts to prevent 
further land degradation, although a few said it was not an issue effecting them at this time. 
Small efforts that made considerable impact was the introduction of cover crops during the rainy 
season to protect bare soil from the highly erosive tropical rains. Also, contour planting as well 
as intercropping had been introduced on several of the farms, per recommendation of these 
outreach groups. The land cover factor is the easiest way to minimize soil erosion, as planting 
cover crops, leaving crop residue, and adding mulch or canopy cover significantly reduce rill and 
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inter-rill erosion (Georhing, 2009). For example, if the most severe case of soil erosion found 
(site 1) were to introduce a seasonal cover crop and simply change the direction on their planting 
ridges from up to downslope to cross contour, the rate of soil erosion could go from 15 t/a/yr to 
less than 1 t/a/yr. Management practices like these are completely feasible to implement and 
would drastically reduce soil erosion, putting soil loss well within an acceptable range.  
Another example of the effectiveness of land cover in soil conservation could be seen at 
site 11. If the tilled, fallow field had been planted with legume or grass-like cover crop, the soil 
loss could be reduced from 4.73 t/a/y to 0.5 t/acre/yr, simply by planting a cover crop during the 
rainy season. Similarly, the planting of trees on steep slopes as well as the use of agroforestry 
should be further encouraged by these agencies. The farms that had strong, appreciable canopies 
due to fruit and spice trees generally had the least erosion. Agroforestry not only benefits the 
farmers with a more diverse crop yield, but also conserves soil, especially on the steep slopes 
found throughout the island. 
All farmers surveyed had a knowledge of soil erosion as a relevant issue in terms of 
agriculture and land use management, and most farmers noted it as problem that previously or 
are currently dealing with. This is part due to their connection with CFP, who actively promotes 
agroforestry, and provides saplings and education for farmers willing to participate. This did 
potentially skew the results of this study to lower than expected rates of soil erosion, but alludes 
to the success of soil conservation programs in Pemba. Throughout the duration of this study, it 
was noted by a few locals that the weather patterns were becoming more erratic, with hotter 
summers and a later start to the rains. Although this cannot be proven in Pemba due to the lack of 
precise climate data, climate change is a globally recognized antagonist against subsidence 
farmers in similar tropical climates, due the highly erosive climate and weathered fragile soils 
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(Lal, 2009 & Hella et al., 2003). As global trends of desertification and severe weather patterns 
continue to rise, small scale farmers in this region are likely to be severely affected, as their 
ability to adapt to these changes and the resilience of their soil will have a huge impact on future 
crop yields. To maintain and improve food security in economically less developed countries, it 
is of the utmost importance to maintain soil quality and reverse land degradation, as even 
improved seed varieties cannot produce high yields without a healthy growing medium (Lal, 
2009).  
Like all studies, this one was not without error. The USLE is a valuable tool for providing 
a rough estimate of soil loss, but is not absolute, especially given the limited resources and data 
in this region. Rainfall data is limited to a monthly average for the entirety of Zanzibar, as this is 
the most detailed information available. A more specific R factor could be calculated if duration 
and amount of precipitation could was recorded for all rainfall events. The LS factor is 
sufficiently accurate for this study. Google Earth imagery was able to provide an adequate 
elevation profile for each location, providing the slope grade. The K factor was determined by a 
common texture by feel analysis. Although the confidence of these is results is sufficient, a more 
precise particle analysis as well as percent organic matter could yield a more definite K value. 
The C factor was determined by estimating the canopy and ground cover at each location. 
Without systematic measurements or a remote sensing land cover data, this was an estimate open 
to interpretation. The P factor was, like the other factors, was an estimate based on interview 
results and field observations. These P factors were fairly easily observed and calculated, so this 
estimate is assumed to be quite accurate. Overall, the methods could be improved, but were 
attempted to be precise as possible given the circumstances.  
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Conclusion and Recommendations 
Recognizing and mitigating soil erosion is a necessary component of natural resource 
management. Soil quality and resilience is crucial for maintaining livelihood and food security 
for the people of Pemba, who inhabit a small island where agricultural expansion after upslope 
soil degradation is not possible. Globally, population, food and water scarcity issues, and 
weather anomalies due to climate change continue to rise. Careful resource management, 
especially of the fragile soil of which most Pemba villages rely on completely, is an ever 
growing necessity. Management efforts in Pemba are clearly successful in places they have 
reached. The majority of farm sites visited are estimated to have tolerable rates of soil erosion, a 
result of their recent incorporation of soil conservation practices. Continued outreach and support 
of NGO’s like CFP and governmental agencies can help ensure tolerable rates of soil erosion 
throughout the island, and therefore agricultural sustainability and productivity.  
The most notable recommendation for future research in the field of soil erosion, is to 
find access to a more diverse sampling of study sites. All of the farms visited had a connection 
with CFP’s agroforestry department, with either already established fruit and spice trees or future 
plans to plant them, as well as education on soil conservation methods. An interesting study 
would be to estimate the annual soil loss in a single watershed, as well as implications of 
downstream sedimentation. Also, a study could be done to gauge the willingness and attitudes of 
the people toward soil conservation farming, such as no-till agriculture. Finally, further research 
is needed to fully assess the impacts of climate change on small-scale, subsidence farming 
villages in tropical regions, like Pemba.  
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Appendix A: 
Farmer Questionnaire 
 
Date: 
Site Number: 
Location: 
 
GPS Coordinates: 
Upslope:  Elevation:  Downslope:  Elevation: 
 
     
Land Management: 
Method: Yes No Notes 
Till?    
Terrace    
Contour    
Strip Cropping    
Agroforesty     
 
Schedule: (Planting, harvesting, tillage schedule): 
 
Have you noticed any soil erosion on your farm? 
If yes, has it increased or decreased?  
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